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(54) PRECLEANING METHOD FOR METAL PLUG WHICH MINIMIZES DAMAGE OF LOW k DIELECTRIC 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process for cleaning 
the contact region of a metal which minimizes the damage on a 
Iow-k carbon-contained dielectric positioned on the upper side 
of a metal conductor on a semiconductor work piece. 
SOLUTION: A contact opening is formed in a Iow~k dielectric 
(step 104), so that a contact region of a metal conductor 
positioned on the lower side is exposed. Then a work piece is 
exposed to an atmosphere where the mixing of hydrogen- 
contained gas and helium gas is plasma-decomposed (stop 106) 
so that the contact region is cleaned. Related to the precleaning 
process, the damage on the dielectric is repaired by a proceeding 
process step such as an oxygen plasma ashing process for 
removing a photoresist (step 105). 
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Precieaning Process for Metal Plug that Minimizes Damage to Low-K Dielectric 

FIELD OF THE INVENTION 

The invention l elates generally to processes for rnanuf acturihg integrated encuits and other 
electronic devices. More specifically, rbe invention telates to precieaning processes for removing 
native oxide from an area of a metal layer that is exposed by an opening in an overlying dielectric, so 
that the opening subsequently can be filled by a metal plug. 

BACKGROUND OF THE EhTVENTTON 

A common process sequence in manufacturing integrated circuits and other electronic devices is 
to deposit a number of metal conductors on a substrate, then cover the metal with a dielectric layer, 
then etch a number of openings in the dielectric so that each opening exposes a contact aiea on one of 
die metal conductors, then deposit a metal plug in each opening so as to make electrical contact with, the 
contact area. If the substrate is exposed to the ambient atmosphere or any other source of oxygen after 
the openings are formed, the surface of the semiconductor or metal layer exposed in each opening will 
become oxidized. This native oxide must be removed or "cleaned" before depositing the metal plug in 
order to achieve good electrical contact between the plug and the contact area. The process of 
removing native oxide from a metal conductor before depositing a metal plug is ccncnmonJy teimed 
"preeieaning"- 

A serious shortcoming of conventional precieaning processes for metal conductors is that the 
precieaning process can damage the dielectric. Paniculariy susceptible to damage are "low-K" 
dielectric materials that incorporate carbon atoms to reduce their dielectric constant **K*\ We have 
measured an increase in the dielectric constant of such materials after performing a precieaning 
process. 

SUMMARY OF THE INVENTION 

The invention is a precieaning process suitable for fabricating metal plugs in a low-K, carbon- 
containing dielectric. More specifically, the invention is a process for cleaning a contact area of a metal 
conductor on a semiconductor workpiece so as to minimize damage to a carbon-containing dielectric 
overlying the metal. After forming contact openings in the dielectric so as to expose contact areas on 
the underlying metal conductor, ihocontact areas are cleaned by exposing me workpiece to a plasma 
formed from a mixture of hydrogen-containing and helium gases. 

Surprisingly T our hydrogen-helium plasma process can repair damage to the dielectric caused 
by preceding process steps. Accordingly, another aspect of our invention is a method of using such 
plasma process to repair damage, to a carbon-containing dielectric on a semiconductor workpiece 
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caused by an oxygen plasma process For stripping resist from the surface of the dielectric. 

BRIEF DESCRIPTION OF THE DRAWINGS 

figure L is a. sectional view of a semiconductor workpiece on which die processes of the 
invention may be performed. 

Figure 2 is a flow chart of a photoresist ashing process and precLean process according to our 
invention. 

Figure 3 is a partially schematic, sectional view of a plasma chamber .suitable for performing 
the preclcan process of the invention, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Our precleaning process is one segment of a sequence of process steps for forming a metal 
plug or via in a Iow-k, carbon-containing dielectric on a semiconductor wodepiecc. A tow-K dielectric 
has a dielectric constant "K" that is less than 3.8, preferably less than or equal to 3.0. An example of 
a low-K, carixjn^nraining, silicon oxide dielectric and a process for forming it on a silicon wafer is 
described in commonly assigned U.S. patent application SN 09/247,38 1 filed 2/10/99 by Cheung et 
aL. the entire content of which is hereby incorporated by reference into this patent specification. This 
type of carbon-comaitung silicon oxide has a dielectric constant less than thai of conventional, non- 
wbon^ontaining silicon dioxide because it incocpaiates carbon atoms in the silicon oxide material. 
The carbon atoms typically are incorporated in the silicon oxide in the form of C H bonds or C-F 
bonds. To achieve a low dielectric constant k. the dielectric preferably has a carbon content of at least 
I % by weight, more preferably at least 5 % . 

Figure 1 shows a conventional semiconductor workpiece or suhstrate 10 on which the 
processes of the invention may be perfoirned. The suhstrate typically is a silicon wafer on which 
integrated circuits are to be formed or a glass substrate on which electronic video display devices and 
circuits arc to be formed. The substrate is depicted as a silicon waferin all of the following examples. 

The workpiece or substrate 10 include* one or more regions 12 composed of a metal conductor 
such as copper or tungsten. The metal regions can be formed by any conventional metal deposition 
and patterning processes (Figure Z, Step 101). 

A low-K, carbon-containing dielectric layer 14 overlies the metal regions. The dielectric 14 is 
patterned with a number of openings 16 so that each opening exposes an area 17 of one of the metal 
regions 12, tins area 17 being termed the "contact area", "exposed area" or "exposed surface" of the 
metal region. fWe define all portions of the metal regions 12 that are not covered by dielectric 14 as 
being "exposed" even though the exposed surface may be covered by thin layer of native oxide as a 
result of exposure of the metal to oxygen, such as oxygen in the ambient atmosphere.) 
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Each opening 16 subsequently will be filled with a mecal material to form a "plug" or "via" that 
makes electrical contact with the underlying metal region 12. 

The typical process for creating openings 16 in the dielectric is to deposit a blanket layer of 
dielectric 14 (Step 102), then employ a photo-lithographic process to form a pattern of photoresist 19 
over all areas of the dielectric other than the areas where openings arc desired (Step 103). A plasma 
etch process then etches openings 16 in all portions of the dielectric that arc not covered by photoresist 
(Step 104). 

If the workplace is exposed to oxygen after the openings 16 are formed, the exposed surface of 
each contact area generally will oxidize to form amin layer of "native oxide" 18. Such oxygen 
exposure may occur in an "ashing" process for removing photoresist 19 after etching the openings in 
the dielectric (Step 105), or it may occur if the workpiece is exposed to ambient atmosphere while it is 
transported between, two pi ocess chambers. This native oxide must be removed or "cleaned" before 
depositing the metal plug in order to achieve good electrical contact between the plug and the contact 
area. The process of removing such native oxide (Step 106) is termed "precleaning" because it 
precedes deposition of the metal plug. 

In our invention, the precleaning of the contact area 17 (Step 106) is performed by exposing 
the woikpiece 10 to an atmosphere formed by plasma decomposition of a g*s mixture that includes 
helium and at least one species of a hydrogen^oufedning gas. Although our invention is not limited to 
a specific theory of operation, we believe that the plasma dissociates the hydrogen-^ntaimng gas to 
produce hydrogen radicals and ions that migrate from the plasma to the semiconducror workpjece. 
Upon contact with the native oxide 1 8 on the. workpiece, the hydrogen radicals and ions react with the 
oxygen component of the native oxide to form volatile hydroxy Is and water vapor that are exhausted 
from the chamber by the exhaust pump, theteby removing the native oxide 1* from the surface of the 
metal contact areas 12. 

To minimize damage to the low-K, carbon-containing dielectric, it is preferable to form the 
plasma by a method that minimizes electric fields ar the workpiece position. 

One suitable method of forming the plasma is in a conventional remote plasma source, which 
means that the plasma either is formed in a separate chamber from the vacuum chamber that holds tbe 
workpiece, or else the plasma is formed in a separate region of a common chamber such that the 
plasma body is a substantial distance from the workpiece. In cither case, an exhaust pump causes 
radicals and ions produced by decomposition of gases in the plasma to flow from the plasma body to 
the workpiece. Conventional process chambers having remore plasma sources are described in 
commonly-assigned U.S. patents S.346,579 to Cook ec a!, and 5,543,688 to Morita, the entire content 
of each of which is hereby incorporated by reference into this patent specification. 

Alternatively, our currently preferred method of forming the plasma so as to avoid sputtering 
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damage to the workpiece is in a plasma chamber having an inductively coupled plasma source, such as 
che commercially available predean chamber 20 shown in Figure 3. 

The upper portion of the chamber is bounded by an upper wall 22 composed of dielectric 
material, typically quartz, and the lower portion of the chamber is bounded by a lower wall 23 
composed of cither dielectric or conducting material, typically aluminum. Tbc hydrogen-helium gas 
mixture described above flows from a gas supply tank 24 at a flow rare regulated by a flow controller 
26, typically a mass flow controller, and then is injected into the upper portion of rhe chamber through 
one or more gas inlet ports 28. An exhaust pump, not shown, exhausts chamber gases through 
exhaust port 30 and regulates the chamber pressure. . 

A primary RF power supply 32 supplies RF electrical power to an induction coil 34 that 
encircles the dielectric upper chamber wall 22. The electrical power is inductively coupled from the 
coil to the gases in the upper pomon of the chamber so as to excite tbc gases to a plasma state. 

The workpiece or substrate 10 is mounted in the lower portion of the chamber on a pedestal or 
susccptor 36» typically composed of aluminum Of uranium. Ail surfaces of the susccptor tttax are not 
covered by the substrate are covered by a dielectric 37, typically quartz. 

A second RF power supply 38, also called a bias RF power supply, supplies RF power to the 
pedestal . The bias RF power supply can hejp ignite and sustain the plasma, and it can produce a DC - 
bias voltage on die pedestal thai in most cases is negative i elative to the plasma body. Tbc negative 
bias voltage accelerates ions from the plasma, toward the suscepror. 

Since RF bias power increases the risk of damage to the dielectric by ion bombardment, we 
prefer using the lowest possible RF bias power. We believe we can successfully remove native oxide 
from the metal 12 without any RF bias power applied to the padcstaL However, in the illustrated 
inductively-coupled plasma chamber, some RF bias power usually is required to initiate or "strike" the 
plasma. In addition, a small amount of RF bias power can ensure that changing process conditions do 
not extinguish the plasma. Therefore, in our preferred implementation we program the controller 44 to 
command the bias RF power supply 38 to initially apply to the pedestal 40 waits of RF power at a 
frequency of 13.56 MHz in order to initiate or strike die plasma, and to then reduce the bias RF power 
to 10 wans throughout the prccleaning process. At low powei levels such as tbc preferred 10 watts, 
we find the DC bias voltage on the pedestal is close to zero, and even can be positive in the preferred 
chamber of Figure 3. 

In a chamber having a remote plasma source, wc do not believe there would be any need to 
apply RF bias power lo the pedestal. 

Our preferred hydrogen-containing gas is H 2 . Alternative choices include NH 3 (ammonia) and 
SiH 4 (silane). 

A preferred gas mixture is 5% H 2 and 95% He by molecular molar concentration, which is 
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approximately the same concentration by gas volume. Since H 2 and He>are diatomic and rnoaaiomic 
gases ? respectively, this is equivalent to 10% H and 90% He by atomic molar concentration . 

Our precleaning process is especially useful for cleaning metal regions 12 composed of copper, 
because copper oxide is readily reduced by hydrogen at temperatures below 100' C. Most other metals 
would require greater beating of the substrate in order to perform the reduction reaction. The 
feasibility of subjecting the substrate to the required temperature depends on whether the dielectric 14 
and other structures on the substrate would be damaged. 

The helium carrier gas advantageously enhances the dissociation of the hydrogen in the plasma. 
Because helium ions are very light, they will subject the dielectric 14 to little or no sputtering damage. 
In contrast, carrier gases composed of atomic species having a greater atomic mass, such as argon, 
would be more likely to damage the dielectric, as evidenced by the comparative rest results described 
below. Therefore, to minimi ze sputtering of die dielectric, we recommend that the gas mixture does 
not include BCI3, argon, or any compound of any element having an atomic mass greater man the 
atomic mass of argon. 

The hydrogen-containing plasma is maintained as long as necessary to remove me native oxide 
18. In tests processing 200 mm diameter silicon wafers in the illustrated inductively coupled plasma 
chamber, with 300 watts RF power applied to the induction coil, we found that 30 seconds was mores 
than adequate to remove the thickest copper oxide film 1 8 we encountered- We found that cither 
increasing the plasma cleaning time to 60 seconds, or increasing the RF power to 450 watts, siighdy 
increased the damage to the dielectric, as evidenced by an increase in its dielectric constant The test 
results are described below. 

Other process parameters in our preferred embodiment for precleaning a 200 mm silicon wafer 
include a 100 seem flow rate For the H 2 -Hc gas mixture and a chamber pressure of 80 millitorr. 

All process steps preferably are controlled by a programmable controller such as 
microcomputer 44 which controls tbe amount of power supplied by the RF power supplies 32, 3S and 
controls the flow rate of the hydrogen-helium gas mixture provided by the flow controller 26. 

Comparative Tests 

We tested the effect of our metal precleaning process on the dielectric constant of a carbon- 
containing 1ow-k dielectric film. To simplify the tcsu we did not actually clean a metal film. Instead, 
we subjected a blanket layer of low-K dielectric to the same hyarogen-helium plasma process that we 
would use to clean a copper film. Tins test indicates whether our metal precleaning process would 
damage xhc low-K dielectric, as evidenced by oar measm ement of the increase in the dielectric constant 
K after performing our pre clean process. We compared our preclean process with an argon sputtering 
preclean process. Wc also tested the performance of our process as a function of RF power, hydrogen 
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concentration, and duration. 

In our tests, the low-K dielectric film was deposited on 200 mm diameter silicon wafers in 
accordance with the dielectric deposition process described in ihe above-referenced patent application 
SN 09/247,381. This process deposits a dielectric liaving a dielectric constant K of about 2.70 to 
2.75. The test data shown in Tables 1 and 2 shows the amount by which the tested preclean processes 
increased the dielectric constant above this value. The increase in dielectric constant indicates the 
degree of damage to the dielectric film. 

Our preclean process was performed in the previously described preclean chamber shown in 
Figure 3. to all cases the cha.nber pressure was SO mTorr, the flow rate of die hydrogen-helium gas 
mixture was 100 seem, the RF power applied to the induction coil was at a frequency of 2 MHz and 
the power level showa in Tables ! and 2. Also, in all cases the preclean process was preceded by a 
de-gas step in which the wafer was maintained at 400° C for one minute to drive out moisture and 
oxygen tnar the dielectric may have been absorbed during prior exposure to atmosphe.«. 

We also tested whether thermal annealing would repair damage to the dielectric film 14. After 
performing the preclean process, we annealed the dielectric film by heating the substrate to 400* C for 
30 minutes in a vacuum environment (Step 107). Tables 1 and 2 show our measurement of the 
increase in dielectric constant before and after the annealing step. 

Table 1 — Effect of Preclean on Dielectric Constant: Without Plasma Ashing 



Run 


= 

Gas 


RF Power to 
Induction Coil 


Duration 


Increase in 
Dielectric Ccmsiant: 
Before Anneal 


Increase in 
Dielectric Constant 
After Anneal 


L 


Ar (Sputter) 


300 W 
(& 300 W bias) 


30 sec. 


0.16 


0.21 


2 


5%H 2 /95%He 


300 W 


30 sec. 


0.10 


0.05 


3 


5%H 2 /95%He 


300 W 


60 sec. 


0.17 


0.12 


4 


5% H 2 / 95% He 


300 W 


120 sec. 


0.23 


0.19 


5 


5%H 2 /95% He 


450 W 


60 sec. 


0.19 


0.14 


6 


10% R 2 /90% He 


300 W 


30 sec. 


0.22 


0.19 


7 


10%H 2 /90% He 


300 W 


60 sec_ 


0.26 


0.20 


8 


10% H 2 / 90% He 


450 W 


60 sec. 


030 


0.20 



Referring to Table 1, Run 1 shows that a conventional argon sputter cleaning process increased 
the dielccnic constant by 0-16. In contrast. Run 2 shows that our H 2 -He reactive cleaning process 
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inflicted less damage to the dielectric, as i t increased the dielectric consiaDt by only 0. 10. 

Table 1 also shows that a subsequent anneal step is surprisingly synergistic with our H 2 -He 
piocess, in contrast with die detrimental effect of annealing after a conventional argon sputtering 
process. Referring ro Run I, annealing further exacerbated the increase in dielectric constant caused 
by argon sputtering. In contrast, Run 2 shows diat the anneal step repaired the minor damage inflicted 
by our H^-He preciean process by reducing the dielectric constant to a value only 0.05 greater than that 
before the piecleaning. Runs 3 -8 also show that the annealing step reduced the dielectric constant; 
which indicates that the annealing repaired some of the damage to the dielectric filra caused by our 
H 2 -He plasma preclcaning process. 

Therefore, after perforating our H 2 -He plasma precieaning process (Step 106), it is highly 
beneficial to anneal the substrate at a sufficient temperature and duration to reduce the dielectric 
constant of the dielectric film (Step 107), The anneal temperature should be greater than 100* Q 
preferably at least 300" C, and most preferably in the range of 300" C to 450* C. If the annealing is 
performed in a conventional thermal anneal chamber — i.e., a chamber that heats the workpiece 
primarily by thermal conduction and convection rather than radiation — - the workpiece typically should 
be annealed for ar least five minutes, and more preferably 30 minutes. Alternatively, a radiant heating 
chamber, commonly called a rapid thermal processing chamber, can radiantly heat the surface of the 
workpiece to a much higher temperature for a much shorter duration. 

Runs 3 -8 show that increasing the hydrogen concentration, the RF power to the induction coil, 
or the duration of the preciean process increases the damage to the dielectric. Therefore, the process 
parameters of Run 2 are preferred. 

We also tested the effects of preceding the preciean process with a conventional oxygen plasma 
ashing process. As described earlier, plasma ashing is conventionally performed prior to metal 
precieaning in order to itnio ve various organic material from the surface of the dielectric Such 
organic material may include photoresist on the top surface of the dielectric, a "passivation layer ' 
deposited on the side walls of the via openings during the etching of the vias, and other org anic 
byproducts of the etch process. In oxygen plasma ashing, the organic material is removed or 
"stripped" by exposing the workpiece to an attnosphere foanedby plasma decomposition of oxygen, 
and optionally other gases. Preferred parameters of a conventional oxygen plasma ashing process for 
stripping photoresist after patterning of a silicon oxide dielectric are 500 to 1 000 seem oxygen gas flow 
i-ate, with no carrier ^as, 15 mT chamber pressure, and ^000 watts of RF power at 2 MHz applied to 
the induction coil of an inductively-counied plasma chamber like that shown in Figure 3. No bias RF 
power is used during the ashing process so as to avoid sputtering damage to the dielectric. 
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Table 2 — Effect of Preclean on Dielectric Constant: Preceded by Plasma Ashing 



Run 


Cras 


RP Power to 
Induction Coil 


Duration 


Increase in 
Dielectric Constant 

Before An nra 1 


Increase in 
Dielectric Constant: 
After Anneal 


0 


None (ashing only) 


0 


0 


0.25 


0.32 


i 

i 




300 W 
(+ 300 W bias) 


ju sec. 


O.L8 


0.23 


2 


5%H 2 /95%Hc 


300 W 


30, sec. 


0.L4 


0.16 


J 


J to n.2 * ^ ne 


OAA TXT 

JlAJ YY 


60 sec. 


0.16 


0.19 


4 


5%H 2 /95%Ffc 


300 W 


L20 sec. 


0.16 


0.18 


5 


5%H z /95%Hc 


450 W 


60 sec. 


0.17 


0.21 


6 


10% H 2 / 90% He 


300 \V 


30 sec. 




0.28 


7 


!0%H 2 /90%Hc 


300 W 


60 sec. 




0.28 


8 


L0%H 2 /90%He 


450 W 


60 sec. 




0.28 



Table 2 shows The test resuLcs when wafers were subjected to the just described oxygen plasma: 
ashing process prior to the previously described dc-gz>s and preclean processes. Except for the ashing 
process, the test conditions were identical to those of the tests reported in Table 1. 

Run 0 represents the substrate following the oxygen plasma ashing process, prior to the de-gas 
process and the prcclcaning process. The increase in dielectric constant shown in Table 2, Run 0 is 
greater than the increase shown in Table L Run \ . This result indicates that the oxygen plasma ashing 
process damaged Lhe dielectric even more than the argon sputtering process reported in Table 1, Run 1. 

In Table 2 the dielectric constants for Runs 1-8 are lower than the dielectric constants in the 
corresponding column for Run 0, This result indicates that both the argon sputter nrecjeaaing (Run L) 
and the hydrogen-helium reactive plasma cleaning of our invention (Runs 2-8) repair some of the 
damage to the dielectric caused by the ashing (Ruu 0). It is surprising that these piedeaning 
processes, which by themselves cause damage to die dielectric as shown in Table I, produce the 
opposite effect — icpaiurig damage to the dielectric — when performed after plasma ashing. 

The best results were achieved with Run 2, the embodiment of our hydrogen-riehum reactive 
cleaning process having the lowest tested values for hydrogen concentration, RF power, and process 
duiadon. This is the same set of process conditions that nunimi/^xl the damage to iho dielectric in the 
tests without ashing reported in Table I . 

[n contrast to the tests without ashing reported in Table 1, Table 2 shows chat when oxygen 
plasma ashing is performed befoie precleamng, thermal annealing does not help repair the damage to 
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the dielectric. In every lest reported in Table 2, thermal annealing worsened the damage to the 
dielectric, as evidenced by a n increase in the measured dielectric constant after annealing. Therefore, 
after precleaning wafers that have been subjected to oxygen plasma ashing, it is preferable to omit 
thermal annealing. 

The results (Runs 6-8) using 10% hydrogen by molecular molar concentration (20% by 
atomic molar concentration) are signirlcandy worse than those for S% hydrogen (Runs 2-5). We 
believe the higher hydrogen concentration resulted in positively charged hydrogen ions being 
implanted into the plasma ashed films, thereby shifting the flat-band voltage. This shift in flat-band 
voltage did not appear to occur in the tests performed with 5% H 2 / 95% He (Runs 2-5). Therefore, a 
H 2 -He gas mixture having a hydrogen content of 5% or less by molecular molar concentration (10% or 
less by atomic molar concentration) is preferred when performing the pceciean process on a dielectric 
film that has been subjected to oxygen plasma ashing. 

In summary, the test results for processes that do not employ plasma ashing show that our 
prefeircd H 2 -He reactive cleaning process (Table 1 , Run 2) produces essentially no damage to iiie 
W-K, carbon-^ontainirig dielectric. For process that do employ oxygen plasma ashing, our preferred 
H 2 -He reactive cleaning process (Table 2, Run 2) surprisingly repairs much of the damage to the 
dielectric caused by the ashing process. 
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- CLAIMS 

1. A method of cleaning an area of a metal conductor exposed in ar least one opening in a Iow-K 
dielectric on a semiconductor workpiece, comprising the steps of: 

providing a semiconductor workpiece that includes a dielectric having a t least one opening 
exposing an area of a metal conductor, wherein the dielectric has a dielectric constant Less than or equal 
to 3.0; and 

exposing the workpiece to an atmosphere produced by plasma decomposition of a gas mixture, 
wherein the gas mixture includes helium and at least one hydrogen^ontaixiing gas species. 

2. A method of cleaning an area of a metal conductor exposed in at least one opening in a carbon- 
containing dielectric on a semiconductor workpiece, comprising the steps of: 

providing a semiconductor workpiece that includes a (^bon^ontaining dielectric overlying a 
metal conductor, wherein the dielectric includes at least one opening exposing- an area of the metal 
conductor; and 

exposing the workpiece to an atmosphere produced by plasma decomposition of a gas mixture, 
wherein the gas mixture i ncludes helium and at least one hydn^gen- containing gas speeies- 

3 . A method according to claim 2, wherein the dielectric has a dielectric constant less than 3-8. 

4. A method according to claim 2, wherein tho dielectric has a dielectric constant less than or equal to 
3.0. 

5. A method according to claim 2, wherein tht; dielectric is an oxide of silicon having a chemical 
structure mat incorporates carbon. 

6. A method according to claim 2, wherein the dielectric contains at least five percent carbon by 
weight. 

7. A method according to claim 2, further comprising the step of: 

subsequent to the exposing step, annealing the woikpjece at a temperature and for a duration 
sufficient to reduce the dielectric constant of the dielectric relative to the value of said dielectric constant 
after the providing step and prior to the annealing step. 
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8. A mcchod according to claim 2, further comprising the step of: 

subsequent to che exposing step, annealing the workpiece ai a temperature of at least 300° C. 

9. A merhod according to claim 2 t wherein the providing step is performed for a time long enough to 
remove substantially all native oxide from said exposed area of the metal conductor. 

10. A method according to claim 2, wherein the gas mixture has an atomic molar concentration of 
hydrogen no greater than twenty percent. 

11. A method according to claim 2, wherein the gas mixture has a atomic molar concentration of 
hydrogen no greater than ten percent 

12. A method according to claim 2, wherein the hydrogen-containing species is H?, gas. 

13. A method according to claim 12, wherein the gas mixture has a molecular molar concentration of 
H 2 gas no greater than ten percent 

14. A method according to claim 12, wherein the gas mixiurc has a molecular molar concentration of 
H2 gas no greater than five percent 

15. A method according to claim 2, wherein the gas mixcure does not include argon. 

16. A method accoiding to claim 2, wherein the gas mixture does not include BC^, argon, or any 
compound of any element having an atomic mass greater than the atomic mass of argon. 

17. A method according to claim 2, wherein the metal conductor is copper. 

J 8. A method of repairing damage to a carbon-containing dielectric on a semiconductor workpiece 
caused by a plasma process for snipping resist from a surface of the dielectric, comprising the steps of: 

providing a semiconductor workpiece that includes a carbon -containing dielectric and an 
organic resist material overlying portions of the dielectric; 

removing the resist material by exposing die workpiece to a first atmosphere produced by 
plasma decomposition of at least one gas, wherein the at least one gas includes oxygen; and 

subsequently exposing the workpiece to a second atmosphere produced by plasma 
decomposition of a gas mixture, wherein the gas mixture includes helium and at lease one hydrogen- 
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19. A method according to claim 13, wherein: 

the workpiece further comprises a metal conductor underlying the dielectric; 
the dielectric includes at least one opening exposing an area of die metal conductor; and 
the step of exposing the workpiece to the second atmosphere is performed for a time long 
enough to remove substantially all native oxide from the exposed area of the metal conductor. 

20. A method according to claim 18, wherein the dielectric has a dielectric constant less than 3.8. 

21. A method according to claim 18, wherein the dielectric is an oxide of silicon having a chemical 
structure that incorporates carbon, 

22. A method according to claim 18. wherein the dielectric contains at least five percent carbon by 
weigh L 

23. A method of cleaning an exposed surface of a metal conductor on a semiconductor workpiece, 
comprising the steps of: 

positioning within a vacuum chamber a semiconductor workpiece mat includes a metal 
conductor having an exposed surface; and 

while the workpiece is within the vacuum chamber, providing within the vacuum chamber an 
atmosphere produced by plasma decomposition of a gas cnixtuxe, wherein the gas mixture includes 
helium and at least one hydrogen-containing gas species. 

24. A method according to claim 23, wherein the gas mixture has an atomic molar concentration of 
hydrogen no greater than twenty percent. 

25. A method according to claim 23, wherein the gas mixture has a atomic molar concentration of 
hydrogen no greater than ten percent. 

26. A meibod according to claim 23, wherein the hyckogen-containing species is H 2 gns. 

27. A method according to claim 26, wherein the gas mixture has a molecular molar concentration of 
H 2 gas no greater Chan ten percent. 
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^ 28. A method according to claim 26, wherein the gas mixture has a molecular molar concentration of 

H 2 gas no greacer than five percent 

29. A method according to claim 23, whereitt the gas mixture does not include argon. 

30. A method according to claim 23, wherein the gas mixture does not include BCL 3 , argon, or any 
compound of any element having an atomic mass greater than the atomic mass of argon. 

3 L A method according to claim 23, wherein the providing step further comprises the steps of; 
supplying the gas mixture into the vacuum chamber, and 

inductively coupling RF power to the gas mixture within the vacuum chamber so as to form a 

plasma. 

32. A method according to claim 23, wherein the pro viding step further composes the steps of: 

supplying the gas mixture to a remote plasma chamber; 

coupling electromagnetic power to the gas mixture to form a plasma that includes reactive 
species produced by plasma decomposition of the gas mixture; and 

supplying said reactive species from die remote plasma chamber to the vacuum chamber. 

33. A method according to claim 23, wherein the providing step is performed for a time long enough 
to remove substantially all native oxide from said exposed surface. 

34. A method of cleaning an area of a metal conductor exposed in at least one opening in a dielectric on 
a semiconductor workpiece, comprising the steps of: 

providing a semiconductor workpiece chat includes a dielectric having at least one opening 
exposing an irea of a metal conductor, 

exposing the workpiece to an atmosphere produced by plasma decomposition of a gas mixture, 
wherein the gas mixture includes helium and at least one hydrogen-containing gas species; and 

subsequent to the exposing step, annealing the workpiece at a temperature and for a duration 
sufficient to reduce the dielectric constant of the dielectric rclari ve to the value of said dielectric constant 
afler the providing step aud prior to the annealing step. 

35. A method according to claim 34, wherein said temperature is ai least 300' C. 



- L3- 



(£3) 101-203 1 94 (P2001-20319 4A) 



FIG.. 1 




FIG._2 



DEPOSIT & PATTERN 
METAL 



r 



DEPOSI T DIELECTRIC 



r 



101 



102 



103 



PATTERN RESIST OVER 
DIELECTRIC 



r 



104 



ETCH . DIELECTRIC TO FORM 
OPENINGS WHERIE 
EXPOSED BY RESIST 



OXYGEN PLASMA ASHING 
TO REMOVE RESIST 



105 



106 



HYDROGEN-HELIUM PI.ASMA 
TO REMOVE NATIVE OXIDE 
PROM Mf-TTAL 



r 



10f 



ANNEAL TO 
REPAIR DIELECTRIC 



(£4))01-203194 ( P200 1-20 3 1 94A) 




(£5) ) 0 1-2 0 3 1 94 (P200 1-203 1 94A) 
ABSTRACT 

The invention is a precleaning process suitable for fabricating metal plugs in a Low-lC carbon- 
containing dielectric. More specifically, the invention is a process for cleaning a contact area of a metal 
conductor on a semiconductor workpiece so as to minimise damage Co a low-K, carbon-containing 
dielectric overlying the metal After forming contact openings in the low-K dielectric so as to expose 
contact areas on the underlying metal conductor, the contact areas are cleaned by exposing the 
workpiece to an atmosphere formed by plasma decomposition of a inixturc of hydrogen-containing and 
helium gases. Surprisingly, our predean process can repair damage to the dielectric caused by 
preceding process steps, such as oxygen plasma aching pcocesses for removing photoresist. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□'black borders 
/ □ image cut off at top, bottom or sides 

□ faded text or drawing 
□Blurred or illegible text or drawing 

□ skewed/slanted images 

□f color or black and white photographs 
t) gray scale documents 

□ lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



